Accumulating evidence suggests that morphological changes of subcellular-scale structures such as dendritic spine and mitochondria may be involved in the pathogenesis/pathophysiology of schizophrenia. Previously, we have proposed mice lacking Schnurri-2 (Shn2), an MHC enhancer binding protein, as a schizophrenia model with mild chronic inflammation. In the mutants, there are decreases in the expression level of PSD95, synaptic marker, and increases in C1q family genes (C1qa, C1qc and C1ql2), which are considered to mediate synapse elimination during the postnatal development. In the present study, we analyzed threedimensional morphological changes in dendritic spines and mitochondria in dentate gyrus granule cells in Shn2 KO mice by serial block-face scanning electron microscopy. The mutants showed about 13% increase in spine length, and about 25% increase in spine neck length. There were no significant differences between Shn2 KO and wild-type mice in their spine density, volume of spine, spine head length, or spine head diameter. The mutants exhibited reduced complexity in mitochondrial morphology, suggesting that a balance between mitochondrial fusion and fission is compromised in Shn2 KO mice. These morphological changes in spines and mitochondria may be associated with functional impairments of those subcellular-scale structures, and represent potential endophenotype of schizophrenia.
Abstract
Background: Maternal immune activation (MIA) during pregnancy is a risk factor for schizophrenia and may be linked to cognitive deficits of the disorder [1, 2] . Current antipsychotics show minimal improvement of cognitive deficits [3] and have adverse side-effects [4] . Cannabidiol (CBD), a constituent of cannabis, possesses anti-inflammatory, antipsychotic and neuroprotective properties [5] ; however, whether CBD can improve cognition in schizophrenia is unknown. The aim of this study was to examine effects of CBD on cognition in a MIA model of schizophrenia. Methods: Pregnant dams were administered either poly IC (POLY; 4mg/kg) or saline (CONT). From postnatal day 56, offspring were administered either vehicle (CONT+VEH, POLY+VEH) or CBD (10 mg/kg; CONT+CBD, POLY+CBD) twice daily for 3 weeks (n=12 males, 12 females/group). Novel object recognition (NOR) and T-maze tests were performed to assess recognition and working memory. Results: In the NOR test, POLY+VEH males spent significantly less time exploring the novel object compared to CONT+VEH counterparts (p<0.01), and in the T-maze test, POLY+VEH males exhibited a lower number of correct entries (p<0.01 vs. CONT+VEH). Performance of POLY+CBD males was significantly better than POLY+VEH in both tests (p<0.05) and did not differ from CONT+VEH (p>0.05). No differences were observed between CONT+VEH and CONT+CBD males (p>0.05). There was no effect of poly IC or CBD treatment on female offspring performance in either test (p>0.05). Conclusions: Interestingly, CBD treatment restored working and recognition memory impairments in the poly IC model of schizophrenia, but had no effect in control rats. These effects were observed in male offspring, whereas females showed no cognitive impairment. The mechanisms underlying the apparent protection in females and sensitivity in males warrant further investigation. This is the first study to examine chronic CBD treatment effects in a MIA model, and suggests that CBD may have sex-specific therapeutic potential for schizophreniarelated cognitive impairments.
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Ketogenic diet normalises schizophrenia-like behaviours in acute and chronic NMDA-receptor hypofunction models schizophrenia. High fat, very low carbohydrate ketogenic diet (KD) induces adaptive changes in brain energy metabolism through bypassing impaired metabolic pathways and increasing energy reserves. We hypothesised that KD may have beneficial effects in schizophrenia. To test this hypothesis we studied the effects of KD in NMDA receptor hypofunction models of schizophrenia by measuring a variety of behavioural abnormalities reflecting positive, negative and cognitive aspects of schizophrenia. METHODS: Acute NMDA receptor hypofunction was induced by a single injection of different doses of the non-competitive NMDA receptor antagonist dizocilpine (MK-801). For the chronic NMDA hypofunction model MK-801 (1 mg/kg) was administered daily for 4 weeks. Mice were fed with either standard mouse diet or KD (77.6, 9.5, 9.4 % and 30.8 MJ/kg fat, protein and carbohydrate content and digestible energy, respectively) for 3 and 7 weeks. Schizophrenia-like behaviours such as psychomotor hyperactivity, increased stereotyped behaviour, impaired sensorimotor gating; social interaction deficits and impaired working memory were measured following acute or chronic MK-801 administration. RESULTS: KD effectively normalised the entire spectrum of schizophrenia-like behaviours, including psychomotor hyperactivity, stereotyped behaviour, impaired social interaction, spatial working memory deficits and impaired PPI induced by acute MK-801 administration. KD also normalised social interaction deficits induced by chronic (4 weeks) MK-801 administration. Furthermore, KD resulted in decreased body weight gain and lowering of blood glucose levels. Our analysis also confirmed that the beneficial behavioural effects of KD are independent of temporarily decreased calorie intake or body weight loss. CONCLUSIONS: These results raise the possibility that KD might be effectively used to normalise schizophrenia-related behaviours. The beneficial metabolic effects suggest that KD may also help to mitigate metabolic abnormalities during antipsychotic treatment.
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Shift in ErbB4 Splicing is Associated with Developmental Pruning of Excitatory Synapses on Parvalbumin Interneurons in Monkey Prefrontal Cortex
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Abstract Background: In experimental systems, loss of ErbB4 signaling results in deficient excitatory drive to parvalbumin (PV) interneurons and schizophrenia-like phenotypes. Thus, the pathogenesis of schizophrenia may involve excessive pruning of excitatory inputs to PV interneurons. We tested the hypothesis that developmental pruning occurs at excitatory synapses on PV interneurons and is associated with changes in ErbB4 expression in monkey dorsolateral prefrontal cortex (DLPFC). Methods: We quantified mRNA levels of PV, ErbB4 splicing variants (JM-a, JM-b, CYT-1, CYT-2) and Pan-ErbB4 in DLPFC layer 4 (where PV interneurons are enriched) from 42 macaque monkeys ranging in age from postnatal 1 week to 132 months. From a subset of these monkeys, sections were labeled using antibodies for PV, VGlut1 and PSD95 and the density of VGlut1+/PSD95+ puncta per PV+ cell bodies was calculated. Results: From 3 to 40 months, Pan-ErbB4 expression remained stable, ErbB4 JM-a to JM-b variants ratio increased by 92%, the density of VGlut+/PSD95+ puncta onto PV+ neurons decreased by 19%, and VGlut1 and PSD95 levels within VGlut+/PSD95+ puncta onto PV+ neurons increased by 26% and 34%, respectively. The ratio of ErbB4 JM-a to JM-b variants was negatively correlated with the density of VGlut1+/PSD95+ puncta onto PV+ neurons. Conclusions: These findings suggest that a developmental shift in ErbB4 splicing is associated with pruning of excitatory synapses on PV interneuron. As ErbB4 splicing is dysregulated in schizophrenia, our findings suggest that over-pruning of excitatory synapses on PV interneurons could contribute to PV interneuron dysfunction in schizophrenia.
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Mismatch negativity and theta band oscillation in schizophrenia and rodent NMDAR models Method: Rats (n=21) were implanted with skull electrodes over frontal, parietal and bilateral auditory cortex. MMN was obtained to both frequency and duration (10% each) against a background of more frequency standards. PCP (15 mg/kg/d) was administered by osmotic minipump with or without simultaneous oral glycine treatment. EEG was collected from control (n=7), PCP (n=8) and PCP+glycine (n=6) groups, at baseline, 2-week, and 4-week time points. In parallel clinical MMN was collected from schizophrenia (n=69) and control (n=38) subjects using a similar paradigm. Results: Rodent MMN varied significantly across groups (F(1,18)=12.5 p<.001), with significant reduction by PCP (p<.001 vs. control) and restoration by glycine (p<.001 vs. PCP alone). In ITC analysis, MMN was associated with increased activity in theta and gamma frequencies that were reduced by PCP treatment. Simultaneous, glycine treatment increased activity within gamma frequency bands vs. PCP alone(F(1,12)=4.6 p<.05). In humans, MMN deficits were associated with both reduced ITC and ERSP of theta frequency response to deviant stimuli (F(1,105)=62.2 p<.001; F(1,105)=15.2 p<.001) and reduced alpha frequency response to standards (t=3.8 p<.00; t=3.2 p<.00), similar to the pattern of deficit observed in the rodent PCP model and reversed by glycine treatment (F(1,12) =6.1 p<.05).
Conclusion: These findings demonstrate first that deficits in MMN generation correspond primarily to reductions in theta frequency activity in humans consistent with prior reports [1] , and second that rodent chronic PCP treatment may serve as an appropriate animal model for schizophrenia treatment development. Glycine treatment partially reversed ERSP induced by PCP treatment, suggesting sensitivity to NMDAR agonist intervention.
